Abstract. With increasing of road network and vehicle's specification, most of new vehicles will be driven exceeding the posted speed limit. More than half of the fatalities in motor vehicle accidents have been proved to be due to over speeding. To improve the safety of cars EURO-NCAP (European New Car Assessment Program) has a safety rating category that rewards manufacturers for the fitment of electronic stability control. In this paper, we describe the method of using a Microcontroller to Monitor and Reduce the Speed of Cars with electronic fuel pedals. We propose a continuous monitoring method based on speedometer feedback and then vary the input from the cars fuel pedal input that is going into the Electronic Control Unit (ECU) to reduce the cars' speed. A conceptual model was built to demonstrate the concept using a PIC18 Microcontroller. The fuel pedal is also known as Electronic Throttle Controller (ETC).
Introduction
Here, our interest is to propose a continuous speed monitoring and reduction method using a PIC18 Microcontroller. The general rule is that cars are using electronic fuel pedal as shown in As engine technology advances further it becomes easier to drive a car fast and not feel the speed. With increase of road network and vehicle's specification, most of new vehicles will be driven exceeding the posted speed limit [2] [3] [4] . More than half of the fatalities in motor vehicle accidents have been proved to be due to over speeding [5] . To improve the safety of cars EURO-NCAP (European New Car Assessment Program) has a safety rating category that rewards manufacturers for the fitment of electronic stability control. This is in addition to points given for the presence of a speed limitation device and intelligent seat belt reminders [6] . Car manufacturers such as BMW Mercedes Benz, Peugeot etc a r e a d h e r i n g to these standards by having programmable speed limiters in their vehicles. This programmable limiter is usually incorporated into their ECU [7] . Drivers are able to select the limited speed of their vehicles.
Other methods used to reduce speed are to control the throttle by using a speed sensor to measure the cars speed and electromechanical means to control the opening of the throttle. This is done to cars using mechanically linked fuel pedal to the throttle [8] . As for electronically linked fuel pedal system, the output from the ECU is modified by means of loading a program to the ECU or fixing a device to the output of the ECU leading to the throttle to control the throttle valve opening based on speed sensors feedback of speed [8] .The Figure 2 describes graphically the proposed system. The system we propose does not need a device fixed to the output from the ECU to the throttle body or to load a new program into the ECU. The speed reduction and limiting is achieved by constantly monitoring the speed from the speedometer and vary the input voltage to the cars ECU. Based on Figure 3 , the proposed design aims to do speed reduction by tapping the VTA cables connection to the microcontroller. After tapping the VTA cable the speed monitored at the speedometer or the speed sensor will be sent to the microcontroller to determine the speed and reduce the voltage going to the ECU. The closest product that has applied this concept was found in India [10] . The PIC microcontroller was used to limit the speed of a Honda Activa Electrical Scooter. The scooter does not have an ECU like a car. It has a direct connection from the fuel handle of the scooter to the actuator that controls the opening of the throttle body of the scooter [10] . Aftermarket development products that modify the characteristics of the VTA voltage output curve is also available. But these products such as Pivot 3 and Redline Electronic Throttle Controller are actually just able to make the electronic fuel pedal to be more sensitive or less sensitive according to selection mode provided. They do not have a feedback of speed that allows the fuel pedal VTA output to be used as a speed limiter.
Methodology
We used a PIC18F4580 microcontroller for the development. To build a real working model of the design, a potentiometer was used to give the analog voltage of an electronic fuel pedal. The potentiometer is fitted to the ADC of the microcontroller. To ensure fast response, the acquisition time of the ADC was set to the minimum but adequate enough to carry the conversion at approximately 1.6 micro-seconds intervals. This ensures the response of the pedal is good with respect to the level of pressure given. The programming part therefore is defined to have a normal mode program. Normal mode program ensures the electronic fuel pedal acts normally without a speed limiting function. The program also defines limiting programming, whereby drivers by action of a button can select the speed limit. Drivers will have an override button to switch off the system, to resume normal working condition of the pedal.
Since the input of the microcontroller is analog and the output is digital, the digital output has to be converted back to analog voltage because the voltage going into the ECU is analog. In the normal mode, the voltage going in will be varied from zero to the maximum voltage of the pedal when it is pressed to the floor. In the reduced speed mode, the outgoing voltage will be proportional to the deflection of the pedal till a certain position. Beyond that position the voltage will remain constant until the pedal is floored.
To know exactly when to start the limiting function, the device need to be activated by the user and the speed to which the limiting should be made is selected. This anyhow needs a feedback of speed into the device to determine when to start limiting. Once the user selects the speed, the device will wait for the feedback to determine the over speed condition and start to reduce the speed. Feedback for the speed can be done by sampling the pulses from the cars speed sensor. The speed sensor basically sends high and low pulses to the ECU and measures them over time. After determining the speed it will prompt it at the LCD. This is for cars equipped with digital speedometer. For cars that do not have a digital speedometer this is done through electromagnetic method.
In the event the speedometer is digital we just have to get the pulses and channel them to the microcontroller. The microcontroller can decide the speed based on the program and limit the speed accordingly. Should the speedometer be an analog speedometer, the use of an encoder and an encoder plate fitted mechanically to the mechanical cable will be sufficient to translate the rotational motion of the cable into high and low pulses. Based on program loaded into the PIC microcontroller the pulses can be sampled and the speed known. In the normal physical world, speed is calculated as distance divided by time. When we digitalize the speedometer the idea used can be proven by:
Distance Travelled ÷ Time = Speed
(1) When we digitalize the speedometer the idea used can be proven by:
Amount of Pulse from Encoder ÷ Time = Speed (2) The function of an encoder is detecting high and low pulses for existing blade of a slotted disc. When the encoder signal is not detecting the existing of the blade, it will show 'low' and viceversa. The encoder is connected to the microcontroller as shown in Figure 4 . Simply connect the "+5 V" and "Gnd" to a 5V power supply. Further connect the "Sig" pin to microcontroller input pin. Normally, the "Sig" will be connected to the counter input of the microcontroller for automatic counting purpose. A DC motor is fixed to the output of the microcontroller to test the difference given at the potentiometer. The speed of the motor will vary according to the voltage input via the potentiometer. The output to the motor is the output that will be going into the ECU as shown in Figure 5 . Therefore to test the changing voltage level the motor is used. To communicate to drivers the digitalized speed, A LCD is also incorporated into the design. The aim of the LCD is to warn users of over speed condition. A buzzer also is fixed to give user a beeping sound when speeding.
Result
In this section the graphs shows the result of the system, when it is used to receive the incoming variable voltage from the pedals potentiometer and the corresponding output speed. Measurement was taken at the input of the potentiometer going to the microcontroller. During normal mode the pedal works normally till the full position of 10. The output speed is also normal. After switching on the limiting function Table 2 , 3 and 4 shows the effect of switching it and limiting at various different speeds. From Table 2 and 3 even though the pedal position is at the maximum level, the speed does not increase beyond the limited speed. The speed is capped and will remain capped until the user deactivates the system.
Conclusion
The concept of reducing speed by means of monitoring the speed of the vehicles and modifying the electrical voltage going to the ECU proves that this method is an acceptable method of reducing the speed without having to tamper the ECU. Although it gives a promising solution, it does require further study to make it a viable solution for automotive application.
